many cases, and complications, such as skin necrosis and plate exposure, could be encountered.
Open distal tibia fractures are caused mainly by a highenergy injury. The traditional treatment for such fractures, lateral plate fixation after an open reduction, may be associated with many complications, such as skin/soft tissue necrosis, core infection, osteomyelitis and amputation. [1] [2] [3] [4] [5] Recent studies have reported tissue necrosis is minimized, and satisfactory bony union is achieved, with the use of a staged protocol, with application of a temporizing ankle-spanning external fixator and minimally invasive plate osteosynthesis (MIPO); this protocol is also suggested to reduce the incidence rate of complications associated with traditional treatment. [3] [4] [5] [6] [7] When there is extensive soft tissue injury on the medial side of the tibia or open wound, it is quite difficult to process a medial MIPO in and four women. The average follow-up period was 14.8 months (range, 12 to 23 months) and the causes of the injuries were as follows: nine cases from traffic accidents (five pedestrians, two drivers, and two motorcyclists) and the other case was a fall (25 m) . In accordance with the Gustilo-Anderson classification, three cases were classified as II, one case as IIIA, and six cases as IIIB. According to the AO/OTA classification, two cases were classified as A2 and eight cases as A3. The treatment involved two or three stages, according to the skin/soft tissue condition and size of the bone defect (Table 1) .
Staged Treatment
The staged treatment included thorough wound lavage, debridement, delayed lateral MIPO and an additional bone graft (in cases with a severe bone defect).
At the initial stage of treatment (stage 1), all dead soft and bone tissues were removed by definitive wound lavage and debridement, temporizing ankle-spanning external fixator intervention was performed, and a VAC device was used within 24 hours. As an external fixator (Artfix, Taeyeon Medical, Incheon, Korea), either a mono frame (six cases) or a delta frame (four cases) was used ( Fig.  1 ). In the treatment of skin and soft tissue, delayed primary closure was performed in four cases and a VAC device (VAC ATS therapy system, Kinetic Concepts Inc., San Antonio, TX, USA) was used in six cases (in patients in whom a delayed primary suture could not be performed). Lateral malleolar fracture was accompanied in seven cases; of these, intramedullary nailing using a rush pin was performed in three cases with severe lateral soft tissue injury, and open reduction and internal fixation were performed in the other four cases (Table 2) .
After the stage 1 treatment and a delay for a mean period of 15 days (range, 6 to 52 days), when the status of soft tissue was properly stabilized enough for soft tissue reconstruction, with no sign of infection, definitive surgical treatment was performed. The patient was placed under general or spinal anesthesia in the supine position, where radiation fluoroscopy could be performed, and an indirect taxis of the fracture was performed by manual traction under the support of C-arm fluoroscopy. After obtaining alignment of the metaphysis of the distal tibia, by a closed reduction through traction, using an antero- lateral approach, a 2-3 cm incision was made, starting at the level of the tibial plapond, and extending proximally along the anterolateral surface of the distal tibia, and a 3-4 cm proximal skin incision was made for screw fixation. A subcutaneous tunnel was created, along the anterolateral aspect of the tibia, by blunt dissection using a large Kelly clamp, and then a plate was inserted, without periosteal stripping and exposing the tibia, between the extensor hallucis longus tendon and the tibialis anterior tendon, or the extensor hallucis long tendon and the extensor digitorum longus tendon (Fig. 2) . When the plate was inserted, it was pushed percutaneously from the distal to proximal tibia, and after checking the reduction status, the distal tibia was fixed with a cancellous screw, and the proximal tibia was fixed with a cortical screw. The relevance of the fracture reduction status and plate location was rechecked. In all cases, a plate (periarticular lateral distal tibial plate; Zimmer, Cowpens, SC, USA) was used, and more than three screws were fixed in the distal and proximal tibias of the fracture with maximum stability, and then a joint spanning external fixator was removed. A split-skin graft was only performed in four out of six cases, in patients whom delayed primary closure was not possible during lateral MIPO; an anterolateral thigh free flap and split-skin graft were performed in the remaining two cases. Plating and soft tissue reconstruction was performed at the same time in all patients ( Fig. 3) .
At stage 3 after plate fixation, a bone graft was performed after lateral MIPO, to obtain bone union, in three cases with a severe metaphyseal bone defect and after lack of progression of healing for > 8 weeks in the distal tibia. Autogenous iliac bone and Demineralized Bone Matrix (Grafton DBM Putty: 5 mL, Ostothch Inc., Eatontown, NJ, USA) were used in one of these three cases, and autogenous iliac bone was used in the other two cases (Fig. 4) .
Postoperatively, a posterior splint was applied to the ankle joint in the neutral position for 2 days. Three days after surgery, we allowed a full range of movement of ankle joint. In patients who underwent treatment using a long-term joint spanning external fixator, continuous and adequate ROM exercises were performed. The majority of patients were encouraged to partially bear their weight, 5-7 weeks after operation. Patients were allowed to fully bear their weight when there was radiological evidence of bone union and no pain associated with the fracture site.
Evaluation of Treatment Results
The union time and complications (such as nonunioin or malunion) were investigated throughout the follow-up, using the periodic radiographs. Bone union was defined as when callus maturation was closed over 3/4 of the fracture faces, according to the anteroposteior and lateral radiographs, and the fracture site showed movement or tenderness, clinically. In addition, an angular deformity was defined as angulation, when there was > 5 o angulation.
Shortening was defined as > 10 mm shortening compared to the unaffected side. Each angulation was evaluated using the method reported by Milner.
12)
Ankle joint function was evaluated by a physical examination and survey, using the Iowa ankle rating system, 13) at the last follow-up (Table 3) . Four classified categories were investigated: function of the ankle joint, freedom of pain, gait and range of motion. Of a possible total score of 100; 90-100 was considered excellent, 80-89 was good, and 70-79 was considered fair. This study also examined the presence of complications, such as of skin/ soft tissue necrosis and infection, reduction loss, osteomyelitis, irritative symptoms of the plate, and neuro-vascular injury during surgery.
RESULTS
In all cases, radiological evidence of bony union was ob- . There were no signs of shortening of the tibia > 10 mm; the average was 3.5 mm (range, 0 to 8 mm).
The ankle joint function was evaluated during the final follow-up, and the mean was 84.4 points; four cases were excellent, four cases were good, and the other two cases were fair. Eight out of ten cases showed satisfactory results. In the two fair cases, one was accompanied with a foot fracture, and the other with a flap due to a severe open fracture. Two cases had a superficial wound infection during the treatment period and the other two cases had a mild limitation in movement of the ankle joint. The superficial wound infections were treated with antibiotics, localized wound lavage and debridement. There were no (Table 4) .
DISCUSSION
Because open distal tibia fractures are often caused by high-energy damage, extensive soft tissue injury and severe communition of the fracture site are usually observed. Moreover, in many cases, functional disability remains after treatment when the fracture is quite close to the ankle joint; in particular, the medial part of the distal tibia, where is little subcutaneous soft tissue, close to the periosteum. An open wound and extensive soft tissue injury is usually found on the medial side in an open distal tibia fracture; which usually precludes primary skin, and soft tissue, covering. Therefore, in the treatment of fractures, both the stability of the soft tissue covering, and anatomical reduction in the articular surface, need to be obtained. Therefore, there are many difficulties associated with treatment, which are often followed by a staged treatment. 5, [14] [15] [16] In the previous method using an external fixator, conventional open reduction, and plate fixation, many cases were reported to have developed complications; such as skin/soft tissue infections, and nonunion or delayed bony union, due to microvascular damage by periosteal stripping. [16] [17] [18] [19] [20] In addition, Borelli et al. 21 ) discovered an extraosseous blood supply that branches around the anterior and posterior tibia, and reported severe damage in blood flow when conducting a conventional open reduction and plate fixation.
A staged protocol using MIPO, showed good clinical results, with good maintenance of blood flow and hematoma around the fracture site, and soft tissue damage was minimized by biological fixation, using a bridge plate around the anteromedial part of the tibia. 5, 6, [22] [23] [24] [25] Yang et al. 5) reported satisfactory bony union, on average, on the 19th week; after having conducted a staged protocol, using MIPO, on open distal tibia fracture patients. Collinge et al. 3) and Borens et al. 7) also reported good results after using a staged protocol, using MIPO, in open distal tibia fracture patients. Therefore, staged treatment, using MIPO, has been shown to be one of the most effective ways of treating open distal tibia patients.
However, the subcutaneous soft tissue on the medial side of the distal tibia is thin, and it is close to periosteal bone, because of this, it is likely that skin irritative symptoms would be observed during medial plating and plate removal might be needed in severe cases. In particular, medial MIPO cannot be performed, when performing on an open distal tibia fracture, where there is extensive soft tissue injury and an open wound on the medial side. Furthermore, complications, such as skin necrosis and plate exposure, can occur even when a medial plate is inserted. 8, 11, 24, 26, 27) The authors established a staged protocol for when The use of a bridging external fixator, in open distal tibia fracture patients, stimulated the recovery of soft tissue around the fracture site, and maintained the length and alignment of the tibia before plate fixation. [27] [28] [29] Furthermore, use of a VAC device, when treating an open distal tibia fracture, stimulated the recovery of soft tissue, reduced the incidence rate of associated complications and the chance of requiring flap surgery. 30) In the stage 2 treatment, avoiding the fracture site during lateral plate fixation, the fracture was fixed with a bridge plate, on the lateral side of the distal tibia, through an indirect reduction, with a minimal incision of the anterolateral side, and the time to definitive surgery with lateral MIPO was reduced. Two types of incision methods were used: between the extensor hallucis longus tendon and tibialis anterior tendon, and between the extensor hallucis longus tendon and extensor digitorum longus tendon. When using the former, the bone was checked directly, without observing the neuro-vascular structures, to fix the fracture site after setting aside the neuro-vascular structures with the proper strength. In the latter, the soft tissues were detached carefully, and the neuro-vascular structure was checked and fixed. In all 10 cases, the fracture site was fixed without any complications related neurovascular injury.
Satisfactory bony union was achieved, without nonunion or delayed union, after conducting a staged bone graft, in three cases with a severe bone defect, during the stage 3 treatment. A bone graft was carried out when there was a severe bone defect during the eighth week after plate fixation. Gardner et al. 14) reported that satisfactory bony union could be obtained, after a staged bone graft, in distal tibia fracture patients with severe bone defects.
After the final treatment, two cases exhibited limited ankle joint motion; one case had to have a long-term external fixation, and limited joint motion, due to extensive soft tissue injury, the other case was accompanied with a fracture around the foot. All other cases recovered, within normal, range of motion. During the treatment period, two cases had a superficial wound infection; infections were treated with antibiotics, and local treatments, without specific problems.
The complications related to soft tissue injury were minimized using the staged protocol with lateral MIPO. Futhermore, blood flow supplement was maintained in the fracture site because there was no periosteal stripping. Satisfactory clinical results and bony union were obtained without delayed union or nonunion. However, it is difficult to compare the results with the literature directly as many authors utilized different treatment methods and group compositions, and the overall group size used in the current study was small. Therefore, another study with a larger cohort will be needed.
Complications, such as soft tissue necrosis and infection, were minimized, using primary wound lavage, debridement, MIPO with a lateral plate fixation technique, and a staged protocol of bone grafts. Appropriate fixation was obtained using indirect taxis, and biological fixation by preserving the blood flow around the fracture site. With the exception of two cases with a mild limitation of motion, all cases showed satisfactory bony union with no complications, such as skin irritative symptoms and nonunion. This staged protocol, using lateral MIPO, is believed to be one of the most effective ways of treating open distal tibia fractures with extensive soft tissue injury.
